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over 16 months of age (14). These findings suggest that antiangio-
genic responses in old mice are impaired.



















































Quantification of CNV in young (<3 months of age) and old (>18 months of age) mice on day 7 following laser injury. Mice were perfused intra-
cardially with FITC-dextran (green) prior to harvesting eyeballs and sclerochoroidal flat mounts were made in order to quantify CNV volumes by 
confocal microscopy. (A) Old mice demonstrated significantly more CNV than did young mice. Error bars represent SEM. *P < 0.05 vs. old. (B 
and C) Representative CNV from a young (B) and an old (C) mouse.
Figure 2
Assessment of CNV inhibition following intraocular injection of macro-
phages (1 × 105 cells/eye). Old mice were injected with PBS (sham) or 
macrophages from either old or young mice on the day of laser, and 
CNV was measured at day 7 following laser injury. Macrophages iso-
lated from young mice demonstrated significant inhibition of CNV fol-
lowing intraocular injection in to old eyes, while macrophages isolated 
from old mice fail to inhibit CNV. *P < 0.02, young vs. old.
Downloaded on August 12, 2013.   The Journal of Clinical Investigation.   More information at  www.jci.org/articles/view/32430
research article








































Quantitative real-time PCR gene expres-
sion analysis of macrophage-rich lesions 
from young and old mouse eyes after 
laser injury. Matching unlasered tissue 
was used as the baseline control. Mac-
rophages from old mice demonstrated 
significant (asterisks) downregulation 
of IL-12 (A, P = 0.0068627), TNF-α (B, 
P = 0.0370), and FasL (C, P = 0.0302) 
compared with young mice. IL-6 (D, 
P = 0.00017) and IL-23 (E, P = 0.1024) 
were upregulated at levels exponentially 
higher in young mice than in old mice. 
(F) IL-10 was upregulated in both young 
and old mice, although baseline levels 
of IL-10 (P = 0.0701) were significantly 
higher in old mice than young mice. RQ, 
relative quantification.
Figure 4
Assessment of CNV inhibition following intraocular injection 
of macrophages (1 × 105 cells/eye). Syngeneic old mice were 
injected with PBS (sham) or macrophages from young WT or 
IL-10–/– mice on the day of laser, and CNV was measured at 
day 7 following laser injury. (A) Macrophages isolated from 
IL-10–/– mice demonstrated significant inhibition of CNV fol-
lowing intraocular injection into old eyes, at levels beyond 
those seen following intraocular injection of macrophages 
from young WT mice. *P < 0.008 vs. sham. (B–D) Represen-
tative CNV from mice injected with IL-10–/– macrophages (B), 
young WT macrophages (C), and sham-injected mice (D).
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Quantitative real-time PCR gene 
expression analysis of macro-
phage-rich lesions from young WT 
and IL-10–/– mouse eyes after laser 
injury. Matching unlasered tissue 
was used as the baseline control. 
(A–D) Macrophages from IL-10–/– 
mice demonstrated upregulation 
of IL-6 (A, P = 0.0558), TNF-α (B, 
P = 0.3579), IL-12 (C, P = 0.1824), 
and FasL (D, P = 0.4569) compared 
with young mice. (E) IL-10 was 
upregulated in young mice and defi-
cient in IL-10–/– mice. *P = 0.0513.
Figure 5
Relative gene expression of IL-10 at baseline in dissected sclerocho-
roidal tissue from IL-10–/– mice, young WT mice, and old WT mice. 
IL-10 gene expression was performed using real-time PCR; data are 
represented using the IL-10–/– eye as the baseline. *P < 0.001 vs. old.
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Positive selection of macrophages and intraocular injection. Positive selection 
of F4/80+ macrophages was performed as described previously (1). Briefly, 
Figure 7
Ability of macrophages to inhibit CNV after treatment with polariz-
ing cytokines. F4/80+ macrophages were isolated from the spleens of 
C57BL/6 young WT mice, treated with 100 ng/ml IL-10 or IFN-γ, and then 
injected in the eyes of host WT mice on the day of laser (1 × 105 cells/eye). 
Macrophages treated with IFN-γ significantly inhibited CNV, while macro-
phages treated with IL-10 failed to do so. *P < 0.000003 vs. sham.
Figure 8
Effect of senescence on macrophage ability to regulate proliferation 
of vascular endothelial cells. HMVECs were cultured alone, unlabeled 
[H(UNL)] or labeled [H(L)], or were cultured with macrophages from 
young WT [M/H(25:1)B6], old WT [M/H(25:1)Old], gld [M/H(25:1)Gld], 
and IL-10–/– [M/H(25:1)IL-10–/–] mice for 12 hours prior to measuring 
the proliferation of HMVEC with [3H] thymidine (TdR). Young WT and 
IL-10–/– macrophages inhibited the proliferation of HMVECs, while old 
and gld macrophages failed to do so. *P = 0.009; **P < 0.00086.
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Taqman gene expression assay mixes. Primer and probe sets were as follows: 
ActB, Mm00607939_s1; 18s rRNA, Hs99999901_s1; FasL, Mm00438864_
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